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Summary The causation of breast cancer in certain strains of mice by a virus that can be transmitted
vertically, through the milk produced during lactation, has led to the hypothesis that a similar phenomenon
could exist in humans. There have been laboratory-based studies in humans suggesting that a virus may be
involved in the etiology of female breast cancer although other investigations did not support this hypothesis.
Descriptive data and epidemiologic evidence of ecologic nature do not indicate a role of lactation in the
causation of human breast cancer, but the hypothesis has not been adequately assessed in analytic
epidemiologic studies. A nested case-control study undertaken in Sweden to examine the role of prenatal
factors on breast cancer risk in the offspring, allowed the evaluation of the importance of breast-feeding in the
causation of this disease. Standardised records concerning women born at the Uppsala University Hospital
from 1874 to 1954 were linked with invasive breast cancer incident cases, identified through their unique
national registration number in the Swedish Cancer Registry during 1958-1990. For each case with breast
cancer, the females born to the first three mothers admitted after the case's mother were selected as potential matching controls. Only controls living in Sweden and free from breast cancer until the time of diagnosis of
breast cancer in the corresponding case were eventually included in the study. The analysis was based on 458
cases of breast cancer born in singleton pregnancies and 1,197 singleton age- and birth date-matched controls.
Breast-feeding was not a significant or suggestive risk factor for breast cancer in the offspring; compared to
women who at discharge were wholly or partly breastfed, women who as newborn were not breastfed had a
relative risk of breast cancer of 0.97 with 95% confidence interval 0.44-2.17 (P = 0.95).
Bittner has shown in the thirties that a factor present in
mouse milk is essential for the development of breast cancer
in certain strains of mice (Bittner, 1952); it was later shown
that this factor is a particular type of retrovirus (Lyons &
Moore, 1965) that can be transmitted vertically from one
generation to another through lactation (Vlahakis et al.,
1977). There is some evidence, that a similar virus may be
involved in human breast carcinogenesis (Spiegelman et al.,
1970; Axel et al., 1972a; Axel et al., 1972b; Levine et al.,
1984), although several other studies did not support this
hypothesis (Sarkar et al., 1972; Litinov & Golovkina, 1989;
Hallam et al., 1990). There are observations indicating that
this virus may be present in human milk (Moore et al., 1969;
Schlom et al., 1971; Dion, 1979), but descriptive data and
epidemiologic information of ecologic nature, summarised by
Fraumeni and Miller (1971) and MacMahon et al. (1973), do
not support the hypothesis that breast-feeding increases the
risk of human breast cancer in the offspring. However, there
have been only three analytic epidemiologic studies address-
ing this issue and these studies had some important limita-
tions: the two earlier studies were apparently based on the
questionable recollections of mothers of cases with breast
cancer and controls, and there was little information about
the suitability of the control groups, including age com-
parability (Penrose et al., 1948; Bucalossi & Veronesi, 1957);
the latest study was based on only 13 cases of breast cancer
among the offsprings of mothers who had themselves breast
cancer (Tokuhata, 1969).
An unusual opportunity for evaluating the role of breast-
feeding on the risk of breast cancer in the offspring exists in
Sweden. During 1874- 1954 about 100,000 children were
delivered at the Uppsala University Hospital and data con-
cerning breast-feeding at discharge (on the average 10 days
after delivery), as well as some other factors, were met-
iculously registered by midwives and pediatric nurses on
special records that have been stored and are readily
available. The data in these records are generally considered
to be of high quality, although no validation has ever, or
could be, done. By linking these hospital records with breast
cancer cases that occurred in Sweden between 1958-1990
and were identified through the nationwide cancer registra-
tion system, a nested case-control study within a well-defined
cohort was undertaken.
Subjects and methods
In Sweden all citizens have equal access to health care and all
hospital-provided medical services are population based. The
study base of this investigation was defined by all females
who were born at the University Hospital in Uppsala during
the period 1874 through 1954 and who survived until
January 1, 1958 or longer. Since January 1, 1947 all
inhabitants of Sweden are assigned a ten-digit national regis-
tration number (NRN), a unique personal identifier (Lunde
et al., 1980); it has been estimated that the NRN provided
correct information about county of birth in 87.5% of all
individuals born before 1947(Ekbom et al., 1991).
A national Swedish Cancer Registry was started by the
National Board of Health and Welfare in 1958. All newly
diagnosed malignant tumours must be reported by both the
physician who makes the diagnosis and the pathologist or
cytologist who confirms it (The Cancer Registry, 1990). All
patients are entered into the Cancer Registry file under their
NRN. Potentially eligible patients were all women who have
been registered with an invasive breast cancer until the end of
1990 and had the code for Uppsala county in their NRN; a
total of2,463 such women were found. At this stage, women
who had not been born at the Uppsala University Hospital
were excluded. The total number of cases born at this Hos-
pital from 1874 to 1954 was 464. Six cases who were
members of twin pregnancies were excluded from further
analysis. The distribution of the remaining 458 cases by year
of birth and age at diagnosis is shown in Table I.
For each case, the females born to the first three mothers
who were admitted after the case's mother and gave birth to
at least one live female were selected as potential controls.
Further follow up wsa carried out to ascertain that the
potential control women were alive and had not been diag-
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nosed as having breast cancer at the time of the diagnosis of
the corresponding case. This information was obtained
through the parish of residence of the potential control's
mother, because there is always a notation in the ledgers of
the parishes indicating whether and when the control has
moved out of the parish and to which parish she moved.
Through linkage to the Swedish Death Registry and the
Swedish Cancer Registry it is possible to determine whether
the control was alive without a diagnosis of breast cancer at
the time of diagnosis of breast cancer in the corresponding
case. A total of 173 potential controls were excluded because
they had died, emigrated or had a breast cancer diagnosed
prior to the diagnosis of breast cancer in the corresponding
case. An additional 22 controls who were twins were ex-
cluded from further analysis. The distribution of the remain-
ing 1,197 controls by year of birth and age at diagnosis is
shown in Table I.
In 1874 a standardised chart was introduced at the mater-
nity ward of Uppsala University Hospital and it was used
with minor alterations through 1957. It was possible to ab-
stract from all cases and controls information concerning,
among others, maternal age at menarche, parity, and age at
delivery, as well as the newborn's method of nursing at
discharge (breastfed only, partly breastfed, not breastfed at
all) and duration of maternity hospital stay. It was also
possible to assess the socioeconomic status from the father's
or single mother's education using the categories: high (col-
lege education), medium (white collar workers and farm
owners with no college education), and low (blue collar
workers and farmhands). The charts were filled out by mid-
wives and nurses and there were very few instances that any
information was missing.
The statistical analysis was done with multiple conditional
logistic regression for matched sets with variable number of
controls per case (Breslow & Day, 1980).
Results
Table I shows the distribution of 458 cases of breast cancer
and 1,197 controls by year of birth and age at diagnosis of
the case. Among the 458 women with breast cancer, 407
(88.9%) were exclusively breastfed until discharge from the
maternity hospital, whereas 41 (8.9%) were partly breastfed
and 10 (2.2%) were never breastfed. Among the 1,197 con-
trols the corresponding figures were: 1,054 (88.1%) ex-
clusively-, 115 (9.6%) partly-, and 28 (2.3%) never-breastfed.
Table II shows the results by age at diagnosis of breast
cancer, using as cut-off point the age of 50 that corresponds
in general to the median age at menopause.
The results of the conditional logistic regression model are
given in Table III, the method of nursing does not appear to
be related with the risk of breast cancer in the offspring;
compared to women who were exclusively- or partly-breast-
fed, women who as newborn were not breastfed had a
relative risk of breast cancer of 0.97 (95% confidence interval
0.44-2.17; two-tailed P-value = 0.95). There is no evidence
Table I Distribution of458 singleton cases ofbreast cancer and 1,197
singleton age- and birth date-matched controls by year ofbirth and age
at diagnosis of the case
Age at diagnosis, in years
<50 50-64 > 65
Year ofbirth cases controls cases controls cases controls
1874-1924 22 59 79 187 78 160
1925-1954 190 541 89 250 0 0
Total 212 600 168 437 78 160
TableII Distribution of458singletoncasesofbreastcancerand 1,197
singleton age- and birth date-matched controls by age and type of
newborn feeding
Breast-feeding
Yes Partly No
Age at
diagnosis Cases Controls Cases Controls Cases Controls
<50 181 505 25 79 6 16
> 50 226 549 16 36 4 12
Total 407 1,054 41 115 10 28
of interaction by age at diagnosis; in various models the
P-value for interaction was above 0.50.
Discussion
Evidence from human breast cancer studies implicating a
retrovirus, similar to that causing breast cancer in mice,
includes: detection of viral particles in breast tumours
(Levine et al., 1984; Dion, 1979) and in monocytes from
patients with breast cancer (Al Sumidaie et al., 1988); detec-
tion in the serum of breast cancer patients of circulating
immune complexes containing antigens sharing epitopes with
structural proteins of mouse mammary tumour virus
(Malivanova et al., 1988); expression of proteins immuno-
logically related to murine mammary tumour virus proteins
in the cells of breast cancer continuous cell lines (Litinov
& Golovkina, 1989; Keydar et al., 1984); and nucleic acid
hybridisation studies by Spiegelman and his colleagues
(Spiegelman et al., 1970; Axel et al., 1972a; Axel et al.,
1972b; Levine et al., 1984; Keydar et al., 1984). However,
these studies have not always been confirmed by the same or
other investigators (Litinov & Golovkina, 1989; Sarkar &
Moore, 1972; Hallam et al., 1990; Malivanova & Litinov,
1990). Furthermore, Fraumeni and Miller (1971) and Mac-
Mahon et al. (1973) have argued that, whether a human
breast cancer virus exists or not, there is little or no
epidemiologic evidence of descriptive or ecologic nature to
suggest that breast-feeding is a major factor in the transmis-
sion of such a virus. Thus, the incidence of breast cancer is
Table III Conditional logistic regression-derived rate ratios for breast cancer of
the offspring, associated with several maternal characteristics and method of
nursing of the newborn at discharge
Adjusted 95% confidence Two-tailed
Variable Category rate ratio interval P-value
Maternal age Each 5-year 1.02 0.92-1.12 0.76
Socioeconomic Consecutively 1.13 0.90- 1.42 0.29
status
Hospital stay Each 1-day 1.00 0.99-1.02 0.94
Parity 1 1.00 baseline
,> 2 1.05 0.80-1.37 0.72
Maternal age Each 1-year 1.01 0.92-1.12 0.79
at menarche
Breast-feeding Yes and partly 1.00 baseline
no 0.97 0.44-2.17 0.95844 A. EKBOM et al.
low in countries where breast-feeding is common and pro-
longed (Kelsey & Hildreth, 1983); there is no evidence of
place clustering of breast cancer (Salber et al., 1968); and in
several population groups declining rates of breast-feeding
have been temporally associated with increasing incidence of
breast cancer (Boyle, 1988).
Although there is no compelling argument for a lactation
transmitted retrovirus causing breast cancer in humans, the
mouse model represents a paradigm too powerful to be
ignored. Descriptive epidemiologic data and ecologic studies
appear reassuring (Fraumeni & Miller, 1971; MacMahon et
al., 1973), but the evidence they provide cannot be considered
sufficiently convincing. Moreover, the three analytic epid-
emiologic studies (Penrose et al., 1948; Bucalossi & Veronesi,
1957; Tokuhata, 1969) that have previously addressed this
issue have important limitations concerning either exposure
ascertainment and control group comparability (Penrose et
al., 1948;Bucalossi & Veronesi, 1957) or study size (Toku-
hata, 1969).
The present study is a typical nested case-control study
within a well defined cohort (Walker, 1991). Selection bias
and differential information bias with respect to breast-
feeding are highly unlikely in this study design. In addition,
the study is reasonably large and the confidence interval of
the estimated relative risk is fairly narrow. Therefore, the
results of the study provide direct and fairly strong evidence,
that breast-feeding cannot increase, to any substantial degree,
the risk of breast cancer in the offspring.
A weakness of the present study is that there is no inform-
ation concerning breast cancer status among the mothers of
breast cancer cases and controls - it is conceivable that
breast-feeding by mothers who had or were going to develop
breast cancer could entail an increased risk of transmitting
the putative carcinogenic virus to the offspring. However,
even if a retrovirus were involved in the causation of human
breast cancer, its pathogenicity would have to be low in
order to accomodate the fairly unpredictable occurrence pat-
tern of breast cancer. In this context, contrasting mothers
with virus-related breast cancer to healthy women who would
be expected to be in a relatively high proportion healthy
carriers of the same virus, would have made little sense. In a
somewhat analogous situation, concerning a DNA-virus
malignancy, children born to women who are hepatitis B
virus carriers are at increased risk of hepatocellular car-
cinoma, but this risk does not depend on whether the carrier
mother will develop herself hepatocellular carcinoma (Dein-
hardt & Guse, 1982; Larouze et al., 1976).
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